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A sputter target consisting of a high-purity Nb containing not more than 3000 ppm of Ta and not more than 200 ppm of oxygen with 
variations in Ta content limited to within +/- 30 % through the whole target and variations in oxygen content to within +/- 80 % throughout 
the whole target, thereby implementing a low-resistivity wiring film. In addition, each Nb crystal grain in the sputter target has a grain size 
0.1 to 10 times the average crystal grain size and a grain size ratio between adjacent crystal grains is 0.1 to 10. Such a sputter target can 
minimize the occurrence of giant dust and is suitable for forming an Nb film used as a liner material for Al wiring. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a sputtering target capable of 
improving the electrical properties and quality of an Nb film as a liner 
material for an Al film at the time of forming an Al wiring film by the 

application of a DD wiring technique or the like. ? g ? g j ^ / 

SOLUTION: The sputtering target is composed of high purity Nb , % r y J , \_ 

having <3000 ppm Ta content and <200 ppm oxygen content. 5a ■ 

Variations in the Ta content in the sputtering target are regulated to <± 
30% over the entire target. Variations in the oxygen content are 
regulated to <±80% over the entire target. Respective crystalline 
grains of Nb in the sputtering target have a grain size of 0.1 to 10 
times against the average grain size, and the ratio of grain size 
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CLAIMS 



[Claim(s)] 

[Claim 1] Ta content is 3000 ppm. Spatter target characterized by the bird clapper from the following high grades Nb. 
[Claim 2] It sets at a spatter target according to claim 1, and the variation in the aforementioned Ta content of the 
whole target is **30%. Spatter target characterized by being less than. 

[Claim 3] It sets at a spatter target according to claim 1, and the aforementioned Ta content is 1000 ppm. Spatter target 
characterized by being the following. 

[Claim 4] The spatter target characterized by an oxygen content being 200 ppm or less in a spatter target according to 
claim 1. 

[Claim 5] In a spatter target according to claim 1, the diameter of average crystal grain of Above Nb 100 micrometers 
Spatter target characterized by being the following. 

[Claim 6] In a spatter target according to claim 1, each crystal grain of Above Nb receives the diameter of average 
crystal grain. While having the particle size of the 0. 1 to 10 times as many range as this, the ratio of the particle-size 
size of adjoining crystal grain Spatter target characterized by being the range of 0. 1-10. 

[Claim 7] It is the spatter target which consists of a high grade Nb, and each crystal grain of Above Nb receives the 

diameter of average crystal grain. While having the particle size of the 0. 1 to 10 times as many range as this, the ratio 

of the particle-size size of adjoining crystal grain Spatter target characterized by being the range of 0.1-10. 

[Claim 8] The variation in the ratio of the particle-size size of the crystal grain in which the whole target carries out the 

aforementioned contiguity in a spatter target according to claim 7 is **30%. Spatter target characterized by being less 

than. 

[Claim 9] In a spatter target according to claim 7, the ratio of the particle-size size of the aforementioned crystal grain 
which carries out contiguity Spatter target characterized by being the range of 0.5-5 . 

[Claim 10] It sets at a spatter target according to claim 7, and is the diameter of average crystal grain of Above Nb. 100 
micrometers Spatter target characterized by being the following. 

[Claim 1 1] The spatter target characterized by an oxygen content being 200 ppm or less in a spatter target according to 
claim 7. 

[Claim 12] The spatter target with which an oxygen content is characterized by the bird clapper from the high grade Nb 
200 ppm or less. 

[Claim 13] It sets at a spatter target according to claim 12, and the variation in the aforementioned oxygen content of 
the whole target is **80%. Spatter target characterized by being less than. 

[Claim 14] The spatter target characterized by the aforementioned oxygen content being 100 ppm or less in a spatter 
target according to claim 12. 

[Claim 15] It is the spatter target characterized by joining the aforementioned spatter target to the back up plate in a 
claim 1 and a spatter target according to claim 7 or 12. 

[Claim 16] It is the spatter target characterized by carrying out diffused junction of the aforementioned spatter target 
and the aforementioned back up plate in a spatter target according to claim 15. 

[Claim 17] The spatter target characterized by being used for formation of Nb film as liner material to aluminum film 
or aluminum alloy film in a claim 1 and a spatter target according to claim 7 or 12. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to suitable Nb spatter target for formation of the 

liner material of a semiconductor device etc 

[0002] 

[Description of the Prior Art] In recent years, the semiconductor industry represented by LSI is advancing quickly. In 
64 M bit DRAM or the semiconductor device after it, the precision required of ultra-fine processing technology is also 
increasing increasingly as high integration, high-reliability-izing, and advanced features progress. In connection with 
the densification of such an integrated circuit, the width of face of the metal wiring formed considering aluminum or 
Cu as a principal component is 1/4 micrometer. It is becoming below. 

[0003] On the other hand, in order to operate an integrated circuit at high speed, it becomes indispensable to reduce 
resistance of aluminum wiring or Cu wiring. It was common to have reduced wiring resistance by thickening the height 
of wiring with the conventional wiring structure. However, in the semiconductor device by which the further high 
integration and further densification were attained, by the old laminated structure, the coverage nature of the insulator 
layer formed on wiring becomes bad, and, naturally the yield will also fall. For this reason, improving the wiring 
technology of a device itself is called for. 

[0004] Then, applying different dual (DAMASHIN DD) wiring technology from the conventional wiring technology is 
examined. After DD wiring technology forms the metal which makes a principal component aluminum used as wiring 
material, and Cu on the ground film which formed the wiring slot beforehand using the sputtering method, CVD, etc. 
and slushes a wiring metal into Mizouchi with heat treatment (reflow), it is the technology remove an excessive wiring 
metal by the CMP (Chemical Mechanical Polishing) method etc. 

[0005] Here, in DD wiring structure, it becomes important how wiring Mizouchi is filled up with aluminum etc. good. 
The reflow technology mentioned above is applied as restoration technology. Generally as a film (liner film) which 
raises the reflow nature of aluminum, Ti film is used. However, by Ti film, aluminum and Ti react at a reflow process, 
an aluminum3 Ti compound is formed, and there is a problem that wiring resistance will go up remarkably as the 
result. 

[0006] Since it is such, the liner material to aluminum replaced with Ti is examined variously, and it is reported that 
use of Nb is effective also especially in it. Nb can reduce wiring resistance as compared with Ti, and can be raised also 
about the reflow nature of aluminum. 
[0007] 

[Problem(s) to be Solved by the Invention] by the way, the case where the application to the semiconductor memory of 
the next generation, such as DRAM which has 256M bit and a degree of integration beyond 1G bit, is considered - the 
resistivity of a wiring film - for example, - 4 or less microomegacm are called for. However, by aluminum wiring film 
which made liner material Nb film which formed membranes using the conventional Nb target, and formed aluminum 
film and aluminum alloy film on it, repeatability is good in resistivity. It is in a difficult situation to hold down to 4 or 
less microomegacm. 

[0008] in addition ~ although it is necessaiy to reduce mixing of the dust to the inside of a wiring film etc. as much as 
possible - the conventional Nb target - for example, 1 micrometer There is a problem that huge dust which exceeds 
will occur suddenly. As the result, the product yield of a semiconductor device will fall sharply. 

[0009] by aluminum wiring film which has the conventional Nb liner film which carried out **** membrane formation 
for Nb targets, 256M bit, DRAM beyond 1G bit, etc. are asked to have mentioned above -- for example, - the 
resistivity of 4 or less microomegacm - enough - and it cannot be made satisfied with sufficient repeatability 
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Furthermore, during membrane formation of Nb liner film, suddenly huge dust will occur and the product yield of a 
semiconductor device will be reduced as the result. Thus, in the conventional Nb target, a difficult situation has the 
application to the semiconductor memory's of the next generation etc 

[0010] In case this invention was made in order to cope with such a technical problem, and it forms aluminum wiring 
film with the application of DD wiring technology etc., it aims at offering the spatter target which made it possible to 
raise the electrical property and quality of Nb film as liner material of aluminum film, concrete - the resistivity of 
aluminum wiring film - for example, - Generating of the spatter target which made it possible to obtain Nb film which 
can be pressed down to 4 or less microomegacm with sufficient repeatability, and still more sudden huge dust is 
suppressed, and it aims at offering the spatter target which made it possible to raise the yield of Nb film 
[0011] 

[Means for Solving the Problem] For the 1st spatter target in this invention, Ta content is 3000 ppm as indicated to the 

claim 1. It is characterized by the bird clapper from the following high grades Nb. For the 1st spatter target, the 

variation in Ta content of the whole target is **30% further. It is characterized by being less than. 

[0012] As the 2nd spatter target in this invention was indicated to the claim 7, it is the spatter target which consists of a 

high grade Nb, and each crystal grain of Above Nb receives the diameter of average crystal grain. While having the 

particle size of the 0.1 to 10 times as many range as this, the ratio of the particle-size size of adjoining crystal grain It is 

characterized by being the range of 0.1-10. For the 2nd spatter target, the variation as the whole target of the ratio of the 

particle-size size of the crystal grain which adjoins further is **30%. It is characterized by being less than. 

[0013] As the 3rd spatter target in this invention was indicated to the claim 12, the oxygen content is characterized by 

the bird clapper from the high grade Nb 200 ppm or less. For the 3rd spatter target, the variation in the oxygen content 

of the whole target is **80% further. It is characterized by being less than. 

[0014] Ta contained in Nb target tends to oxidize compared with Nb, and the oxides (Ta 205 etc.) of Ta have a very 
stable property. Furthermore, reactivity of Ta with aluminum is high and intermetallic compounds, such as aluminum3 
Ta, are formed above a certain temperature. While such an oxide metallurgy intergeneric compound wires, when it 
exists, the work which raises resistivity is shown. 

[0015] Then, it sets at the 1st spatter target and is 3000 ppm about Ta content as an impurity. It is considering as the 
following. Furthermore, it is the variation in Ta content of the whole target **30% It is considering as less than. 
According to the high grade Nb target which reduced Ta content, the amount of Ta in Nb film which formed 
membranes using it can be stopped low. Therefore, Ta 205 It becomes possible to suppress sharply the rise of the 
resistivity of the wiring film resulting from generation of aluminum3 Ta etc. 

[0016] The oxygen content as an impurity is set to 200 ppm or less in the 3rd spatter target. Furthermore, it is the 
variation in the oxygen content of the whole target **80% It is considering as less than. By reducing the oxygen 
content in a high grade Nb target, the amount of oxygen in Nb film which formed membranes using it can be stopped 
low. Ta 205 set to one of the factors which raises the resistivity of a wiring film by this etc. - generation is suppressed 
and it becomes possible to realize low resistivity-ization of a wiring film as the result 

[0017] the resistivity of the wiring film using the conventional Nb target -- for example, - The reason which was not 
able to be suppressed with sufficient repeatability to 4 or less microomegacm originates in Ta contained in Nb 
mentioned above. This is found out for the first time by this invention persons. Ta to which the spatter target of this 
invention exists in such a Nb film, especially Ta 205 etc. - it accomplishes by finding out the influence Ta oxide 
affects a wiring film 

[0018] moreover, the time of crystal grain recovering distortion by the thermal effect about the huge dust (particle) 
suddenly generated from the conventional Nb target -- the size of crystal grain - **** - it was distorted and the 
difference of an amount found out the cause and the bird clapper That is, if the particle-size sizes of adjoining crystal 
grain differ greatly, in process in which big crystal grain recovers distortion, the small crystal grain which adjoins and 
exists in it will receive great stress. As the result, the part or the very thing itself of small crystal grain disperses and it 
adheres on a substrate as huge dust. 

[0019] Then, ratio of the particle-size size of the crystal grain which adjoins in the 2nd spatter target of this invention It 
is considering as the range of 0.1-10. Thus, the stress difference produced in process in which crystal grain tends to 
recover distortion can be eased by making small the ratio of the particle-size size of adjoining crystal grain. Generating 
of huge dust is suppressed by this and it enables it to raise sharply the yield possessing Nb film or it of a wiring film. 
[0020] The spatter target of this invention is either Ta content mentioned above, an adjoining particle-size size ratio and 
an oxygen content. Although what is necessary is just to have satisfied one, like the particle-size size ratio which 
adjoins Ta content, an oxygen content, and Ta content, for example, it is more desirable to satisfy two or more 
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. conditions, and it is desirable to satisfy all conditions further. 
[0021] 

[Embodiments of the Invention] Hereafter, the form for carrying out this invention is explained. 

[0022] The spatter target of this invention consists of a high grade Nb. Although decreasing generally is desirable as for 
the amount of impurity elements in a spatter target, this invention suppresses the variation in the amount of impurity 
elements low while it finds out the impurity element which affects especially the property of Nb film which formed 
membranes using Nb target and reduces the specific amount of impurity elements based on it. 

[0023] Specifically, for the spatter target of this invention, the content of Ta is 3000 ppm. It consists of the following 
high grades Nb. Furthermore, the high grade Nb 200 ppm or less to a bird clapper has [ the spatter target of this 
invention ] a desirable oxygen content. 

[0024] Here, Nb and Ta have the adjoining relation and Ta is surely contained in Nb raw material. These [ Nb and Ta ] 
have the property which was generally called [ both ] refractory metal, and was very similar since it was 5A group 
element. Therefore, it is not easy to separate Ta from Nb and comparatively much Ta is contained in the usual Nb 
material as an impurity element. 

[0025] however, Ta - oxidizing - easy - moreover, Ta 205 etc. - Ta oxide has a very stable property Furthermore, 
reactivity of Ta with aluminum is high and intermetallic compounds, such as aluminum3 Ta, are formed above a certain 
temperature. When the oxide metallurgy intergeneric compound containing these Ta exists in a wiring film, the work 
which raises resistivity is shown. 

[0026] It is Ta 205 in [ when there are many Ta contents in Nb target, or when the variation in Ta content is large / an 
interface with aluminum film formed the inside of Nb film which formed membranes using it, and on it ] rapid. 
aluminum3 Ta is formed and the resistivity of a wiring film is made to rise. After actually carrying out spatter 
membrane formation of the Nb film at slot wiring, as a result of forming an aluminum-Cu film and investigating about 
the interface, it is Ta 205. It was detected so much and that resistivity is high made such an aluminum wiring film 
clear, the resistivity of the wiring film using Nb target of the former [ result / this ] - for example, - Ta contained in 
Nb which mentioned above the reason which was not able to be suppressed with sufficient repeatability to 4 or less 
microomegacm - further - Ta 205 etc. - it found out originating in the oxygen leading to generation 
[0027] Then, it is 3000 ppm about Ta content in Nb which constitutes a target in the spatter target of this invention. It is 
considering as the following. Thus, it is 3000 ppm about Ta content in Nb target. If it is the following, the amount of Ta 
in Nb film which formed membranes by things using it can be reduced. Therefore, Ta 205 which forms or exists in an 
interface with aluminum film formed the inside of Nb film, and on it Amounts, such as aluminum3 Ta, fall sharply. 
[0028] Furthermore, in the spatter target of this invention, the oxygen content in Nb which constitutes a target is set to 
200 ppm or less. Nb film which formed membranes using such a Nb target is Ta 205 by which the interface of Nb film 
and aluminum film (or aluminum alloy film) formed on it etc. deposits since the amount of oxygen leading to [ of Ta 
oxides (Ta 205 etc.) / one ] generation is low. An amount can be reduced sharply. 

[0029] By these, the resistivity of the wiring film possessing Nb film can be reduced sharply. It contributes to low 
resistance-ization of aluminum wiring film which has Nb film as liner material especially greatly. Ta content in a 
spatter target is 2000 ppm. Considering as the following is 1000 ppm more desirable still more preferably. It is the 
following. Moreover, it is 100 ppm or less to set the oxygen content in a spatter target to 150 ppm or less more 
desirable still more preferably. By these, the resistivity of a wiring film can be lowered further. 
[0030] The variation in Ta content in the spatter target of this invention is **30% as the whole target. Considering as 
less than is desirable. Thus, it becomes possible by suppressing the variation in Ta content of the whole target low to 
lower the resistivity of the whole wiring film formed using it with sufficient repeatability. Variation in Ta content of 
the whole target Considering as less than 1 5% is still more desirable. 

[0031] Moreover, the variation in the oxygen content in the spatter target of this invention is **80% as the whole 
target. Considering as less than is desirable. Thus, it becomes possible by suppressing the variation in the oxygen 
content of the whole target low to lower the resistivity of the whole wiring film formed using it with sufficient 
repeatability. Variation in the oxygen content of the whole target Considering as less than 50% is to a pan It is less 
than 30%. 

[0032] The variation in Ta content and the oxygen content which were mentioned above points out the value calculated 
as follows. For example, diameter From the front face of the spatter target of 320 to 330 mm The sample for analysis of 
nine points is extracted. Each sample is extracted from each position of 75mm and 150 mm to X shaft orientations and 

sh aft onentations to the center and center of a target, respectively. These Ta content and the oxygen content of the 
sample tor analysis of nine points are measured. Variation is those maximums and the minimum value to variation [%] 
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. It shall ask based on ={(maximum-minimum value )/(maximum + minimum value)} xlOO. 
[0033] About Ta content, it considers as the value measured by ICP-AES (joint plasma atom emission spectral 
analysis) usually used. About an oxygen content, it considers as the value measured with the inert gas dissolution and 
the infrared absorption method of LECO usually used. Moreover, the extraction position of a sample shall be suitably 
adjusted according to target size. 

[0034] In addition, about Ta in the spatter target of this invention, and impurity elements other than oxygen, some thats 
may be included by the level grade of general high grade metal material. However, it is desirable to make it' decrease 
similarly about other elements, when aiming at reduction of wiring resistance etc. 

[0035] As for the spatter target which consists of a high grade Nb of this invention, it is desirable to control as follows 
the size of Nb crystal grain which constitutes it further. That is, the diameter of average crystal grain is received in the 
particle size of each crystal grain. Ratio of the particle-size size of the crystal grain which adjoins while considering as 
the 0.1 to 10 times as many range as this It considers as the range of 0.1-10. 

[0036] Here, many relation between the diameter of crystal grain of a target and dust is reported. Usually, what is 
called dust is a melting particle called splash which the particle which dispersed by sputtering adheres to the non- 
erosion field of an adhesion-proof board or a target arranged in the sputtering system, and unusual electric discharge 
generates by the potential difference produced about the flakes-like thing which these exfoliated and produce, and the 
gap between crystal grain, and is produced based on this. Anyway, a size usually 0.2 to 0.3 micrometer What'is a grade 
is pointed out. 

[0037] However, a size the dust suddenly generated from the conventional Nb target As compared with 1 micrometers 
or more and old dust, it is very large. Moreover, it is the massive [ like rock ] whose configuration is also. As a result of 
investigating many things about this massive dust, it became clear that it is the mode in which the part or the crystal 
grain itself of crystal grain was extracted by sputtering. Then, this invention persons found out that huge dust which 
was mentioned above occurred, when the difference big as a result of investigating paying attention to the size of 
adjoining crystal grain in the particle-size size of adjoining crystal grain had arisen. 

[0038] That is, a target front face tends to receive a remarkable thermal effect by sputtering, and tends to recover 
distortion which each crystal grain has. The amount of distortion which each crystal grain has changes with sizes of 
crystal grain. In process in which big crystal grain recovers distortion, if it is adjoined and small crystal grain exists, 
great stress will be received. The phenomenon in which the part or the very thing itself of small crystal grain will 
disperse as the result is caused. 

[0039] When it originates in the difference of the particle-size size of such adjoining crystal grain and the part or the 
very thing itself of crystal grain disperses, it adheres on a substrate as huge dust, and the yield of Nb film is made to 
fall. Then, ratio of the particle-size size of the crystal grain which adjoins in the spatter target of this invention It is 
considering as the range of 0.1-10. [0040] By making the ratio of the particle-size size of adjoining crystal grain into 10 
or less times or 1/10 or more, the stress difference in process in which the crystal grain which received the thermal 
effect tends to recover distortion can be eased. This enables it to suppress a part of crystal grain and scattering of the 
very thing itself. As the result, generating of huge dust is suppressed and the yield possessing Nb film or it of a wiring 
film can be raised sharply. Particle-size size ratio of adjoining crystal grain It is to a pan to consider as the range of 0.5- 
5. It is considering as the range of 0.5-1 .5. 

[0041] Moreover, the variation in the particle-size size ratio of adjoining crystal grain is **30% as the whole target. 
Considering as less than is desirable. Thus, generating of huge dust can be suppressed as the whole Nb film formed 
using it by suppressing low the variation in the particle-size size ratio of the whole target. The variation in the particle- 
size size ratio of the crystal grain which the whole target adjoins is **15%. Considering as less than is more desirable 
and good **** is **10% further. It is less than. 

[0042] the crystalline-structure photograph (for example, scale-factor 200 time optical microscope photograph) 
measured for scale factors with the arbitrary particle-size size ratio of adjoining crystal grain - a straight line - 
lengthening - the straight line - starting - a bonito - the diameter of crystal grain of 30 crystal grain which adjoins 
mutually (the diameter of crystal grain in this case points out the minimum diameter of circle surrounding 1 piece 
crystal grain) is measured The ratio of the particle-size size of the crystal grain adjoined in this case shall be pointed 
out. 

[0043] Moreover, the variation in a particle-size size ratio points out the value calculated as follows. For example, 
diameter From the front face of the spatter target of 320 to 330 mm The sample for analysis of nine points is extracted 
Each sample is extracted from each position of 75mm and 150 mm to X shaft orientations and Y shaft orientations to 
the center and center of a target, respectively. These The particle-size size ratio of the sample for analysis of nine points 
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. is measured. Variation is those maximums and the minimum value to variation [%]. It shall ask based on ^(maximum- 
minimum value )/(maximum + minimum value)} xlOO. 

[0044] Nb crystal grain in a spatter target is a particle-size size ratio between the crystal grain which adjoins as 
described above. Although especially the thing to consider as the range of 0.1-10 is important, if the variation in the 
overall diameter of crystal grain of Nb crystal grain is large, the crystal grain from which a sputtering yield differs will 
increase, and the level difference between adjacent crystal grain will become larger. For this reason, the diameter of 
crystal grain of Nb crystal grain receives the diameter of average crystal grain. It considers as the 0.1 to 10 times as 
many range as this. 

[0045] Concrete diameter of average crystal grain of Nb crystal grain 100 micrometers Considering as the following 
ranges is desirable. The diameter of average crystal grain 100 micrometers If it exceeds, dust will increase and the 
variation in the wiring resistivity of the thin film obtained will become large. The diameter of average crystal grain of 
Nb crystal grain is 75 micrometers. It is more desirable still more desirable that it is the following, and it is 50 
micrometers. It is the following. 

[0046] In addition, the diameter of average crystal grain of Nb crystal grain is taken as the value calculated as follows. 
First, a sample is extracted like the case of measurement of composition variation from the front face of a spatter target 
each sample - grinding - a front face - HF:HN03 : H2 0=2:2:1 an etching reagent - etching - an optical microscope 
performs organization observation the back the bottom Scale factor While drawing a circle with a diameter of 50mm on 
a 200 times as many optical microscope photograph as this and being contained in the circle, the number (number A) of 
the crystal grain which is not cut by the periphery and the number (number B) of the crystal grain cut by the periphery 
are counted. And it is based on [the total = number A+ number B of the crystal grain in a circle / 2], and is crystal grain. 
An area of one piece is computed. It considers that the cross section of one crystal grain is a circle, and the diameter of 
average crystal grain is computed as the diameter. 

[0047] The spatter target of this invention is producible as follows, for example. 

[0048] First, the high grade Nb used as the formation raw material of a spatter target is produced. Specifically, Ta 
content is 3000 ppm. Nb 205 of the following A content mineral concentrate is processed chemically and it considers 
as a high grade oxide. Subsequently, the ore group Nb is obtained, for example using the thermite reduction method by 
aluminum. The EB (EB) dissolution of this is carried out, and a high grade Nb is refined. 

[0049] Under the present circumstances, it is desirable reduction of Ta content, reduction of variation, and that the 
dissolution process by EB dissolution etc. carries out multiple-times repeat operation for the purpose of reduction in an 
oxygen content or reduction of variation further. It is also effective for reduction of the variation in Ta content to carry 
out uniform distribution of the Ta which exists in Nb with the zone RIFA ring. 

[0050] Next, plastic working by forging and rolling is performed to the ingot of obtained Nb. Working ratio at the time 
of this plastic working is taken as 50 - 98%. According to plastic working of such working ratio, a suitable quantity of 
heat energy can be given to an ingot, and homogenization (reduction in variation) of Ta or oxygen can be attained by 
the energy. In a plastic- working process, you may carry out middle heat treatment if needed. 

[0051] Moreover, the energy given by plastic working mentioned above destroys the crystal grain which an ingot has. 
Furthermore, an effective operation is brought about also to removal of a minute internal defect. At then, the 
temperature of about 800-1300 degrees C Heat treatment of 1 hours or more is performed. The diameter 'of crystal grain 
of Nb crystal grain is controllable by heat-treating to Nb material which once destroyed crystal grain by plastic 
working, and making the crystalline structure of Nb into a recrystallized structure. Specifically, the diameter of average 
crystal grain is received in the diameter of crystal grain of each crystal grain. Particle-size size ratio of the crystal grain 
which adjoins while considering as the 0.1 to 10 times as many range as this It can consider as the range of 0.1-10. 
Recrystallized-structure-ization contributes also to reduction of the variation in Ta content or an oxygen content. 
[0052] Thus, it machines to disc-like [ of a request of the high grade Nb material obtained ], and this is joined to the 
back up plate which consists of aluminum. It is desirable to apply the diffused junction by the hotpress etc. to junction 
to a back up plate. Temperature at the time of diffused junction It is desirable to consider as the range of 400 to 600 
degree C. this - the melting point the plastic deformation of aluminum which is 660 degrees C - preventing - while - 
in order [ in a target ] to prevent diffusion of Ta atom or an oxygen atom and to prevent having a bad influence on the 
diameter of crystal grain of Nb crystal grain in a target further - it is . The spatter target of this invention is obtained by 
machining the material obtained here in predetermined size. 

[0053] Although it can use as an object for wiring film formation of various electron devices, the spatter target of this 
invention is especially used preferably, in case Nb film as liner material to aluminum film (or aluminum alloy film) is 
formed. For Nb film which comes to carry out spatter membrane formation using the spatter target of this invention Ta 
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•content is 3000 ppm. The following and 2000 more ppm The following and 1000 ppm Becoming the following, the 
variation is **30%. To less than and a pan It becomes less than 15%. Moreover, it is set to 200 ppm or less, 150 more 
ppm or less, and 100 ppm or less about an oxygen content, and is **80% about the variation. To less than and a pan It 
becomes less than 30% less than 50%. In addition, there is very few existence of dust (especially huge dust). 
[0054] Such a Nb film is suitable for the liner material of aluminum wiring, as mentioned above, aluminum film and 
aluminum alloy film are made to exist on Nb film obtained by this invention, and a wiring film is constituted. 
According to such a wiring film, in case DD wiring technology is applied, a suitable wiring membrane structure can be 
offered, and DRAM (256M bit and 1G bit) etc. is asked - for example, - the resistivity of 4 or less microomegacm - 
enough -- and it becomes possible to make it satisfied with sufficient repeatability This contributes to suppression of 
signal delay greatly. Furthermore, it becomes possible to realize high-density wiring with sufficient repeatability under 
high-reliability. This contributes to the improvement in the yield of a wiring film greatly. 

[0055] A wiring film which was mentioned above can be used for various kinds of electronic parts represented by the 
semiconductor device. Specifically, electronic parts, such as a SAW device, TPH, and a LCD device, are mentioned to 
semiconductor devices, such as ULSI and VLSI, and a pan. 

[0056] Prawin gJ, is the cross section showing the example of 1 composition of the semiconductor device possessing 
DD wiring structure of having Nb film formed using the spatter target of this invention. In drawing 1 , 1 is Si substrate 
in which element structure was formed. The insulator layer 2 is formed on the Si substrate 1, and the 1st aluminum 
wiring 3 connected to element structure through the contact hole (not shown) is formed in this insulator layer 2. 
[0057] The layer insulation film 4 is formed on the insulator layer 2 which has the 1st aluminum wiring 3, and it is the 
wiring slot 5 (5a, 5b, 5c) to this layer insulation film 4. It is prepared. The wiring slots 5a and 5c are established in the 
surface section of the layer insulation film 4. wiring slot 5b is formed so that the 1st aluminum wiring 3 may be reached 
-- having - **** - connection - it is a hole (veer hole) 

[0058] In each wiring slots 5a and 5b and 5c, the Nb film 6 first formed using the spatter target of this invention is 
formed as liner material. And the 2nd aluminum wiring 7 which consists of an aluminum film or an aluminum alloy 
film is formed on this Nb film 6. aluminum wiring film 8 of DD structure is constituted by these. In addition, nine in 
drawing is an insulator layer. 

[0059] aluminum wiring film 8 which has the Nb film 6 formed using the spatter target of this invention was mentioned 
above -- as -- Since it is what satisfies resistivity, such as 4 or less microomegacm, it becomes possible to raise the 
operating characteristics and reliability of a semiconductor device, such as 256M bit and DRAM beyond 1G bit. 
Furthermore, since there is little mixing of huge dust, it becomes possible to realize high-density wiring with sufficient 
repeatability under high-reliability. 
[0060] 

[Example] Next, the concrete example and its evaluation result of this invention are described. 
[0061] an example 1 - first - Ta content - 3000 ppm Nb 205 of the following The content mineral concentrate was 
processed chemically, it considered as the high grade oxide, and the ore group Nb was obtained using the thermite 
reduction method according this to aluminum. Such an ore group Nb is prepared partly and they are these. EB 
dissolution is suitably carried out between multiple times from 1 time, and Ta contents differ. Six kinds of Nb ingots 
(diameter 230mm) were produced. 

[0062] It is a diameter about each of these Nb ingots. After extracting and forging and annealing this at 1400 degrees C 
until it is set to 130mm, it is a diameter again. It forged up to 230 to 240 mm, and considered as disc-like [ of a 320 to 
330 mm diameter ] with cross rolling further. By heat-treating on condition that 1 100 degree-Cxl20min to Nb board 
disc-like [ these ], respectively, it considered as the recrystallized structure. 

[0063] every after the above-mentioned heat treatment - aluminum alloy board for back up plates which carried out 
cutting of the Nb board, used as Nb board for junction, and was beforehand prepared with these - temperature 400 to 
600 degree C, and pressure 250 kg/cm2 The hotpress was carried out on conditions and the zygote used as a target 
material was produced. Thus, it is a diameter about each obtained zygote. By machining to 10mm in 320mmx 
thickness, Nb spatter target made into the purpose was obtained, respectively. 

[0064] Thus, it obtained. It measured based on the method which mentioned above Ta content and variation of six 
kinds of Nb targets. ICP-AES Goint plasma atom quantometer : SPSby SEIKO electronic industry company 1200A 
(tradename)) usually used analyzed Ta content. Ta content and variation in Nb target are shown in Table 1. 
[0065] Next, it described above. Six kinds of Nb spatter targets are used, respectively, and they are a spatter 
method.liner spatter and back pressure. : lxl0-5(Pa) output DC:15(kW), spatter time: Form Nb film under the 
conditions of 1 (mm) on Si wafer (8 inches) which formed the wiring slot beforehand, include wiring Mizouchi, and it 
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is thickness. 0.5 micrometers The liner film was formed. Then, a spatter is carried out under the above-mentioned 
conditions and the same conditions using an aluminum-0.5wt%Cu target, and it is thickness. 1 micrometer aluminum 
thin film of a grade was formed. After filling up wiring Mizouchi with this by reflow processing, wiring was formed by 
removing excessive aluminum film by CMP. The resistivity of each [ these ] wiring was measured. The result is shown 
in Table 1 . 
[0066] 
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No 


(ppra) 






No. 1 


550 


il 


3.1 


No. 2 


1550 


27 


3.5 


No. 3 


1830 


40 


3.9 


No. 4 


2540 


5 


3.8 


No. 5 


3300 


17 


10.5 


No. 6 


8Z20 


58 


15.8 



They are a sample 1 - a sample 4 so that clearly from Table 1. That resistivity is below a half as compared with other 
wiring films made clear the wiring film possessing Nb film which formed membranes using Nb target of this invention. 
By using the wiring film which has such a Nb liner film, low resistivity-ization of wiring can be attained and it 
becomes possible to raise the product yield sharply further. 

[0067] Ore group Nb produced like example 2 example 1 EB dissolution was carried out 3 times and the ingot was 
produced. After carrying out plastic working of this Nb ingot on the same conditions as an example 1, heat treatment 
conditions are changed. Six kinds of Nb material was produced. Heat treatment temperature It considers as 300 degrees 
C, 600 degree C, 800 degree C, 1 100 degrees C, and 1300 degrees C, and is each. 60min was heat-treated. Moreover, 
Nb material which does not heat-treat was produced. 

[0068] It is such. Nb spatter target was produced like the example 1 using six kinds of Nb material, respectively. IPC- 
AES analyzed Ta content like the example 1 . Ta content is 1 830 ppm and the variation of those. It was 20%. 
[0069] Next, it described above. Six kinds of Nb spatter targets are used, respectively, and they are a spatter 
method:liner spatter and back pressure. : lx!0-5(Pa) output DC: 15(kW), spatter time: Form Nb film under the 
conditions of 1 (min) on Si wafer (8 inches) which formed the wiring slot beforehand, include wiring Mizouchi, and it 
is thickness. 0.5 micrometers The liner film was formed. Then, a spatter is carried out under the above-mentioned 
conditions and the same conditions using an aluminum-0.5wt%Cu target, and it is thickness. 1 micrometer aluminum 
thin film of a grade was formed. After filling up wiring Mizouchi with this by reflow processing, wiring was formed by 



in Table 2. 
[0070] 
Table 2] 








No 


e« 


ft cm) 


No. 1 


mm 


3.8 


No. 2 


300 


3.7 


No. 3 


600 


3.5 


No. 4 


800 


3.2 


No. 5 


1100 


3. 1 


No. 6 


1300 


3. 1 



The wiring film possessing Nb film which formed membranes using Nb spatter target of this invention showed good 
resistivity so that clearly from Table 2. Therefore, by using the wiring film which has such a Nb liner film, low 
resistivity-ization of wiring can be attained and it becomes possible to raise the product yield sharply further. 
[0071] an example 3 -- the ore group Nb to which the amount of oxygen was changed first - preparing - these EB 
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-dissolution is suitably carried out between multiple times from 1 time, and oxygen contents differ. Nb ingot (diameter 
230mm) whose number is six was produced. 

[0072] It is a diameter about each of these Nb ingots. After extracting and forging and annealing this at 1400 degrees C 
until it is set to 130mm, it is a diameter again. It forged up to 230 to 240 mm, and considered as disc-like [ of a 320 to 
330 mm diameter ] with cross rolling further. By heat-treating on condition that 1 100 degree-Cxl20min to Nb board 
disc-like [ these ], respectively, it considered as the recrystallized structure. 

[0073] every after the above-mentioned heat treatment - aluminum alloy board for back up plates which carried out 
cutting of the Nb board, used as Nb board for junction, and was beforehand prepared with these - temperature 400 to 
600 degree C, and pressure 250 kg/cm2 The hotpress was carried out on conditions and the zygote used as a target 
material was produced. Thus, it is a diameter about the obtained zygote. By machining to 10mm in 320mmx thickness, 
Nb spatter target made into the purpose was obtained, respectively. 

[0074] Thus, it obtained. It measured based on the method which mentioned above the oxygen content and variation of 
six kinds of Nb targets. The oxygen content was measured with the inert gas dissolution and infrared-absorption 
equipment (TCmade from LECO- 436 (tradename)) usually used. The oxygen content and variation in Nb target are 
shown in Table 3. 

[0075] Next, it described above. Six kinds of Nb spatter targets are used, respectively, and they are a spatter 
method:liner spatter and back pressure. : lxlO-5(Pa) output DC: 10(kW), spatter time: Form Nb film under the 
conditions of 3 (min) on Si wafer (8 inches) which formed the wiring slot beforehand, include wiring Mizouchi, and it 
is 20 micrometers in thickness. The liner film was formed. Then, a spatter is carried out under the above-mentioned 
conditions and the same conditions using an aluminum-0.5wt%Cu target, and it is thickness. 1 micrometer aluminum 
thin film of a grade was formed. After filling up wiring Mizouchi with this by reflow processing, wiring was formed by 
removing excessive aluminum film by CMP. The resistivity of each [ these ] wiring was measured. The result is shown 
in Table 3. 
[0076] 











No 


(ppm! 






No. 1 


10 


±82 


4. 2 


No. 2 


10 


±40 


3.0 


No. 3 


50 


±23 


3. 1 


No. 4 


60 


±64 


3. 1 


No. 5 


100 


±27 


3. 2 


No. 6 


110 


±68 


3.4 


No. 7 


HO 


±38 


3.5 


No. 8 


320 


±31 


4. 1 


Ho. 9 


630 


±22 


4.4 


No. 10 


820 


±20 


4. 7 



That resistivity is low as compared with other wiring films made clear the wiring film possessing Nb film which 
formed membranes using Nb spatter target (a sample 2 - sample 7) of this invention so that clearly from Table 3. 
Therefore, by using the wiring film which has such aNb liner film, low resistivity-ization of wiring can be attained and 
it becomes possible to raise the product yield sharply further. 

[0077] Sample 3 in example 4 example 3 Nb ingot was produced on the same conditions as a target. After carrying out 
plastic working of this Nb ingot on the same conditions as an example 3, heat treatment conditions are changed. Six 
kinds of Nb material was produced. Heat treatment temperature It considers as 300 degrees C, 600 degree C, 800 
degree C, 1 100 degrees C, and 1300 degrees C, and is each. 60min was heat-treated. Moreover, Nb materiafwhich does 
not heat-treat was produced. 

[0078] It is such. Nb spatter target was produced like the example fusing six kinds of Nb material, respectively. 
Sample [ in / an example 3 / as a result of measuring like an example 3 about an oxygen content ] 3 The almost same 
value as a target was shown. 

[0079] Next, it described above. Six kinds of Nb spatter targets are used, respectively, and they are a spatter 
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memod:liner spatter and back pressure. : lxlO-5(Pa) output DC: 10(kW), spatter time: Form Nb film under the 
conditions of 3 (min) on Si wafer (8 inches) which formed the wiring slot beforehand, include wiring Mizouchi, and it 
is 20 micrometers in thickness. The liner film was formed. Then, a spatter is carried out under the above-mentioned 
conditions and the same conditions using an aluminum-0.5wt%Cu target, and it is thickness. 1 micrometer aluminum 
thin film of a grade was formed. After filling up wiring Mizouchi with this by reflow processing, wiring was formed by 
removing excessive aluminum film by CMP. The resistivity of each [ these ] wiring was measured. The result is shown 
in Table 4. 
[0080] 



[Table 41 
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( ii Qcro) 


No. 1 




4.9 


Ifn.2 


300 


4.3 


No. 3 


600 


3.8 


No. 4 


X00 


3. 1 


No. S 


1100 


2.9 


No. <i 


BOO 


30 j 



The wiring film possessing Nb film which formed membranes using Nb spatter target (a sample 3 - sample 6) of this 
invention showed good resistivity so that clearly from Table 4. Therefore, by using the wiring film which has such a 
Nb liner film, low resistivity-ization of wiring can be attained and it becomes possible to raise the product yield sharply 
further. 

[0081] an example 5 - the ore group Nb first produced like the example 1 - EB dissolution - carrying out -- diameter 
230mm Nb ingot was produced. The same forging and same rolling as an example 1 were performed to such a Nb 
ingot. However, plastic working was carried out by the working ratio shown in Table 5, respectively by changing the 
processing conditions in each stage. In addition, the calculation method of working ratio is set to {100-(height of 
thickness/ingot of Nb material after plastic working) xlOO}. 

[0082] Thus, it is 1 100 degree-Cx 120min to obtained disc-like Nb board, respectively. It heat-treated on conditions 
and considered as the recrystallized structure. It is temperature about aluminum alloy board for back up plates which 
carried out cutting of each [ these ] Nb board, used as Nb board for junction, and was beforehand prepared with these. 
400 to 600 degree C, and pressure 250 kg/cm2 The hotpress was carried out on conditions and the zygote used as a 
target material was produced. Thus, it is a diameter about the obtained zygote. By machining to 10mm in 320mmx 
thickness, Nb spatter target made into the purpose was obtained, respectively. 

[0083] next, above-mentioned every - Nb spatter target » respectively - using - a spatter method:DC spatter and back 
pressure: the bottom of the conditions of 1x10 to 5 Pa, output DC: 1 5kW, and spatter time: lmin - Si wafer (8 inches) 
top -- thickness 0.5 micrometers Nb film was formed, respectively. In addition, the number of sheets of Si substrate 
which formed membranes is each. They could be 500 sheets. 

[0084] About each [ these ] Nb film, the size range to the diameter of average crystal grain ofNb crystal grain, the 
particle-size size ratio of adjoining crystal grain, and its variation were measured. Furthermore, size which exists in 
each Nb film 1 micrometer The number of the above huge dust was measured. Those results are shown in Table 5 
[0085] 
[Table 5] 
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4 


25 
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a 05 


5 


35 


0.8 
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33 


280 


15.8 


17 


45 


0.6 
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14 


350 


23.2 


58 


67 


1.2 



By Nb film which formed membranes using Nb spatter target (a sample 1 - sample 3) of this invention, it turns out to 
huge dust not existing that huge dust exists in Nb film which formed membranes using it with Nb spatter target (a 
sample 4 - sample 6) produced as an example of comparison with this invention so that clearly from Table 5. Therefore, 
it becomes possible by using Nb film of such this invention to raise sharply the yield of a wiring film and the various 
devices using it. 

[0086] example 6 example 5 - the same - carrying out - 85% of working ratio Nb board which performed forging and 
rolling - receiving - heat treatment nothing - or 300 degrees C, 600 degree C, 800 degree C, 1 100 degrees C, and 
1300 degrees C 60min is heat-treated -~ six kinds of Nb material was produced These Nb spatter target was produced 
like the example 1 using six kinds of Nb material, respectively. 

[0087] Next, it described above. Six kinds of Nb spatter targets are used, respectively, and they are a spatter 
method:DC spatter and back pressure. : It is thickness on Si wafer (8 inches) under the conditions of 1x10 to 5 Pa, 
output DC: 15kW, and spatter time: lmin. 0.5 micrometers Nb film was formed, respectively. In addition, the number of 
sheets of Si substrate which formed membranes is each. They could be 500 sheets. 

[0088] About each [ these ] Nb film, the size range to the diameter of average crystal grain of Nb crystal grain, the 
particle-size size ratio of adjoining crystal grain, and its variation were measured. Furthermore, size which exists in 
each Nb film 1 micrometer The number of the above huge dust was measured. Those results are shown in Table 6. 



[0089] 
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By Nb film which formed membranes using Nb spatter target (a sample 4 - sample 6) of this invention, it turns out to 
huge dust not existing that huge dust exists in Nb film which formed membranes using it with Nb spatter target (a 
sample 1 - sample 3) produced as an example of comparison with this invention so that clearly from Table 6. Therefore, 
it becomes possible by using Nb film of such this invention to raise sharply the yield of a wiring film and the various 
devices using it 
[0090] 

[Effect of the Invention] As more than explained, Nb spatter target of this invention carries out possible [ of obtaining 
the wiring film of low resistivity which was not able to be attained conventionally ]. Or it makes it possible to suppress 
generating of huge dust with sufficient repeatability. Therefore, according to the wiring film which formed membranes 
using such a spatter target, low resistivity-ization of wiring can be attained and it becomes possible to raise reliability 
and the yield sharply further. 
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[Translation done.] 
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